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Introduction
In this contribution, we discuss the necessarily of multiple slot long PUCCH with different lengths, and the details of inter-slot hopping in a multi-slot PUCCH.

Multi-slot long PUCCH with different durations
The following agreements were made in RAN1 #90bis:
Agreements:
· For long PUCCH over multiple slots, at least support the case that the duration of long PUCCH in each slot is the same
· FFS the case of different durations in different slots 
Agreements:
· Each slot in the multiple slots for long-PUCCH over multiple slots is always contained with a slot
· For long PUCCH with more than 2 bits over multiple slots, all UCI bits are encoded and transmitted in each slot
Even with the same duration of long PUCCH in each slot, the position of the long PUCCH within a slot should be further clarified. As the simplest method, the same starting/ending symbols should be applied in all slots of a multi-slot long PUCCH. 
However, it may not be possible in some cases, e.g. dynamic SFI indicates different slot structures in different slots, some symbols are reserved for short PUCCH transmission. In such cases if the starting or ending symbol is different in different slots, more rules or signalling may be required to determine the long PUCCH location within a given slot. 
In case of dynamic SFI where the slot structure may be adaptively modified with different DL and UL symbol allocations, it is too restrictive to support only long PUCCH with the same duration in each slot. Moreover, it may be beneficial to support a long PUCCH spans over continuous UL symbols in multiple slots, as shown in Figure 1. In such cases, the long PUCCH durations and positions in the slots are more likely to be different.


Figure 1. Examples of multi-slot long PUCCH with continuous UL symbols across multiple slots
Considering scheduling flexibility, we propose NR to support different number of symbols in each slot for a multi-slot long PUCCH. Especially if a slot structure is changed dynamically, the long duration in a slot may also be dynamically adjusted. 
Since each slot in the multiple slots for long-PUCCH over multiple slots is always contained with a slot, the DMRS structure can be determined in each slot based on the actual number of allocated symbols for the long PUCCH in the given slot. 
Proposal 1: NR supports multi-slot long PUCCH with slot different durations in different slots, and the DMRS pattern is determined per slot basis.
Another issue is how to count the number of slots N for a multi-slot PUCCH. The slots of a multi-slot PUCCH may be continuous or dis-continuous in time. In case of dis-continuous slot multi-slot long PUCCH, e.g. if a semi-static slot level TDD UL/DL configuration is applied, the number of slots N for the multi-slot PUCCH should be the actual slots configured for long PUCCH transmission, not the total span duration of the long PUCCH configuration, as shown in Figure 2.


Figure 2. The number of slots for a multi-slot long PUCCH with discontinuous allocation
Considering dynamic DL/UL allocation in a slot with dynamic SFI, special handling methods should be specified if there is a conflict between the configured long PUCCH in the slot and the dynamic slot structure indication. For example, whether the long PUCCH in the given slot can be punctured or dropped, if dropped, whether it can be retransmitted in a later slot, etc. This problem has to be solved especially for a multi-slot long PUCCH with the same duration and symbol location in all slots.
Proposal 2: Special handling methods should be specified in case of conflicting between long PUCCH configuration and dynamic slot UL/DL symbol allocation. 

Inter-slot frequency hopping 
For a long PUCCH, frequency hopping is configurable. For frequency hopping, the following agreement was made in RAN1 #90bis:
Agreements:
· For long PUCCH over multiple slots, inter-slot hopping is supported by configuration
· FFS details
· For long PUCCH over multiple slots, the intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE
To simplify the design while providing sufficient frequency diversity, if inter-slot hopping is configured, the hopping may occur at the boundary of each slot, i.e. adjacent slots in a long PUCCH can be transmitted at different control regions/subbands, as shown in Figure 3. 


Figure 3. Inter-slot frequency hopping at slot boundary
Proposal 3: For inter-slot frequency hopping, hopping occurs at each slot boundary. 

Conclusion
In this contribution, we discuss some remaining issues on multi-slot long PUCCH. Based on the discussions, we propose:
Proposal 1: NR supports multi-slot long PUCCH with slot different durations in different slots. And the DMRS pattern is determined per slot basis.
Proposal 2: Special handling methods should be specified in case of conflicting between long PUCCH configuration and dynamic slot UL/DL symbol allocation. 
Proposal 3: For inter-slot frequency hopping, hopping occurs at each slot boundary. 
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